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Background. Embolisation of atherosclerotic debris during abdominal aortic aneurysm (AAA) repair is responsible for
significant peri-operative morbidity. Reports have suggested that preferential clamping of the distal vessel(s) before the
proximal aorta may decrease the number of emboli passing distally and hence reduce complications.
Methods. Forty patients undergoing AAA repair were randomised to have either first clamping of the proximal aorta or the
iliac vessels. Emboli passing through the Superficial Femoral Arteries were detected with a Transcranial Doppler ultrasound
system.
Results. There was no difference between the two groups in the number of emboli detected (p ¼ 0.49) and no significant
correlation between number of emboli and dissection time (r ¼ 0.0008). However, there was a significantly higher number of
emboli in the patient sub-group that were current smokers (p ¼ 0.034).
Conclusions. There appears to be no difference in the numbers of emboli detected when the first vascular clamp is applied to
the proximal aorta or iliacs.
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Introduction
Embolisation of atherosclerotic debris during abdomi-
nal aortic aneurysm (AAA) repair is responsible for
significant peri-operative morbidity.1,2 The clinical
consequences of emboli include end-organ damage
to viscera (kidneys, colon) and lower limb ischaemia
(trash foot), leading to the need for secondary surgical
intervention and prolonged hospital stay. Reports
have suggested that preferential clamping of the distal
vessel(s) before the proximal infra-renal aorta may
decrease the number of emboli passing distally and
hence reduce lower limb complications.1 – 3 However,
there is no evidence that this is the case. There is some
evidence from animal models4 that primary distal
clamping can increase emboli to the viscera, but as
there is no practical method to monitor this, clinical
outcomes (renal failure, gut failure) were used. The
aim of this study was to assess whether there was a
difference in the number of emboli passing to the
lower limbs when the proximal or distal vessel(s) were
clamped first.
Methods
After Leicestershire Regional Ethical Committee
approval was granted and informed consent obtained,
40 patients undergoing elective open repair of an infra-
renal AAA were randomised (with a closed envelope
technique) to have either first clamping of the
proximal infra-renal aorta (20 patients) or the iliac
vessels (20 patients) following arterial mobilisation.
Patient age, sex, concurrent medical history, aneurysm
size and iliac involvement, dissection time and
duration of procedure were recorded.
Surgery was performed by a consultant or super-
vised trainee, under a general anaesthetic, with trans-
peritoneal incision, systemic heparinisation and back
bleeding of vessels prior to restoration of flow. There
was minimal disturbance of the vessels during
dissection and prior to clamping to minimise throm-
bus dislodgement.
Both Superficial Femoral Arteries (SFAs) were pre-
operatively imaged by duplex scanning to identify the
artery with the better signal. This artery was thereafter
selected for intra-operative monitoring. Patients with
bilateral SFA occlusion were excluded. The number of
emboli detected in the superficial femoral artery from
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the skin incision to aortic/iliac clamping was
recorded, and the time taken for dissection was
recorded. A Transcranial Doppler ultrasound system
(SciMed PcDop842, Bristol, UK) with a 2 MHz
transducer operating at 10% of the maximum power
output was used. The signal detected from the SFA
was recorded onto Digital Audio Tape for off line
analysis with quantification of particulate emboli
defined as High Intensity Transient unidirectional
signals. A full description of the methodology for
detecting emboli in the lower limbs is described
elsewhere.5
Statistical analyses
As the data were normally distributed, unpaired t-
tests were used for analysis of non-discrete variables.
Discrete variables were analysed using the Fisher
Exact test. Correlations were examined with Spear-
man’s rank correlation coefficient.
Results
The two groups were well matched for patient age,
sex, co-morbidity, aneurysm size and bifurcated or
straight grafts (Table 1). The mean number of emboli
detected was 24 (range 0–91) in the proximal clamp
group and 19 (range 0–74) in the distal clamp group
(Fig. 1, Table 1). Dissection time (Table 1) was not
significantly different in the two groups (41 min for the
proximal clamp group (range 22–70) and 41 min
(range 17–78) for the distal clamp group).
There was no correlation between number of emboli
and dissection time (Fig. 2), aneurysm diameter, or
patient age and no significant difference between
groups when split for type of graft, cardiac disease,
diabetes mellitus, hypertension or sex (Table 2).
However, there was a significantly higher number of
emboli in the patient sub-group that were current
smokers ( p-value of 0.034, Table 2).
Discussion
Although there have been suggestions that the number
of emboli passing into the lower limb vessels can be
decreased by preferential application of the primary
clamp to the distal aorta or iliac arteries, there had
been no previous study in humans to test this
hypothesis. It has been shown that there are more
emboli detected during endovascular AAA repair, as
compared with open.5 Open repair techniques have
been studied in experimental animal models, with
particular reference to visceral injury.4
This study is the first to have been designed to
quantify the number of emboli passing to the lower
limbs during open aneurysm repair. The study
showed that neither strategy of clamping was associ-
ated with a reduction in the magnitude of
embolisation.
Table 1. Patient demographics and emboli number.
Proximal Distal clamp first p-value
Never smoked 3/20 (15%) 3/20 (15%) 0.89
Ex-smoker 12/20 (60%) 13/20 (65%) 0.66
Current smoker 5/20 (25%) 4/20 (20%) 0.66
Sex (male) 18/20 (90%) 17/20 (85%) 0.64
Cardiac disease 12/20 (60%) 9/20 (45%) 0.35
Hypertension 11/20 (55%) 12/20 (60%) 0.76
Diabetes 2/20 (10%) 7/20 (35%) 0.06
Age 68.85 (58–81) 70.15 (48–81) 0.52
Graft
Straight 11/20 13/20 0.53
Bifurcated 9/20 7/20 0.53
Mean AA diameter (mm) 60.72 (50–85) 62.29 (48–100) 0.71
Dissection time (min) 41.25 (22–70) 40.70 (17–78) 0.90
Fig. 1. Number of emboli seen when clamp is applied
proximally or distally.
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It is possible that primary distal clamping may lead
to an increased number of emboli passing to the
visceral arteries. Lipsitz et al.4 have shown that in an
animal model, up to 90% of particles placed in the
aorta will pass to the renal or mesenteric arteries when
the distal clamps are applied first. Unfortunately, this
is impossible to quantify in the clinical setting, but in
this series there were no cases of renal impairment or
gut failure in the post-operative period.
It is likely that the major risk factor for distal
embolisation from AAA during their repair is
manipulation of the aneurysm leading to dislodging
of thrombus or debris.5 However, this was not
reflected in a correlation between time of dissection
and embolus count in this study. The group showing
higher numbers of emboli were the current smokers as
compared with the non-smokers (ex- and never). This
may be due to the increased thrombogenic potential in
smokers.6 It is recognised that this study has a small
sample size and that this may be a limitation to the
statistical significance of the results.
Conclusions
There appears to be no difference in the numbers of
emboli detected when the first vascular clamp is
applied preferentially to either the proximal aorta or
distal iliacs.
Fig. 2. Correlation between emboli and dissection time.
Table 2. Patient sub-group analysis of emboli count.
Variable N Mean Emboli ^ SEM P value
Graft type Straight 24 20.42 ^ 5.136 0.82
Bifurcated 16 22.13 ^ 4.971
MI/angina No MI/angina 19 24.53 ^ 6.193 0.38
MI/angina 21 18.00 ^ 4.077
Diabetes Non-diabetic 31 19.55 ^ 4.337 0.43
Diabetic 9 26.44 ^ 6.117
Hypertension Hypertension 17 76 ^ 5.767 0.88
No hypertension 23 20.61 ^ 4.759
Sex Male 35 21.26 ^ 3.965 0.91
Female 5 20.00 ^ 9.508
Smoker Never/ex 30 16.70 ^ 3.458 0.0338
Current 10 34.30 ^ 9.306
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